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DISPLAYED INFORMATION CONTROL
APPARATUS, DISPLAYED INFORMATION
CONTROL METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 371 U.S. National Phase of Interna-
tional Application No. PCT/JP2020/019661, filed on May
18, 2020. The entire disclosures of the above applications
are 1ncorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a display information
control device, a display information control method, and a
program.

BACKGROUND ART

A technique has been proposed in which, in order to
enable estimation of an area on a display umt that 1s being
observed by a user even if the distance between the user and
the display unit changes, options are narrowed down based
on 1mage recognition and a change in the orientation of the
terminal by estimating the user’s angle of view from the
shooting angle of view (PTL 1).

CITATION LIST
Patent Literature

[PTL 1] Japanese Patent Application Publication No.
2017-103638

SUMMARY OF THE INVENTION

Technical Problem

The technique described 1n PTL 1 makes 1t possible to
select one from a plurality of candidates displayed as
contents based on a change in the terminal orientation.
Meanwhile, 11 a plurality of hierarchical structures are
associated with one candidate, the candidate cannot be
selected 1n the depth direction of the hierarchy.

The present invention has been made in view of the
foregoing circumstances, and an object of the invention 1s to
provide a display information control device, a display
information control method, and a program that make it
possible to appropriately select and display information
having a hierarchical structure 1n accordance with a change
of a user who views a display unait.

Means for Solving the Problem

One aspect of the present immvention includes: a display
unit; a storage unit configured to store information to be
displayed on the display unit, the information having a
plurality of hierarchical structures; and a display control unit
configured to read information from the storage unit while
selecting a level and display the read information on the
display unit, based on a maximum viewing distance between
the display unit and a viewer viewing the display unit at
which the viewer 1s able to view the display unit while
holding a device housing, and on a current viewing distance
between the viewer and the device housing.
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2

Tects of the Invention

[T

According to one aspect of the present immvention, 1t 1s
possible to approprnately select and display information
having a hierarchical structure 1n accordance with a change
of a user who views a display unait.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 a block diagram showing a functional configu-
ration ol a display information control device according to
one embodiment of the present invention.

FIG. 2A shows an example of the content of a calibration
DB according to the same embodiment.

FIG. 2B shows an example of the content of a currently
displayed content DB according to the same embodiment.

FIG. 2C shows an example of the content of a content DB
according to the same embodiment.

FIG. 2D shows an example of the content of a number-
of-levels/level switching threshold DB according to the
same embodiment.

FIG. 3 15 a flowchart showing processing content of a first
calibration operation according to the same embodiment.

FIG. 4 1s a flowchart showing processing content of a
second calibration and display operation according to the
same embodiment.

FIG. 5 shows an example of a monitor screen according,
to the same embodiment.

DESCRIPTION OF EMBODIMENTS

The following 1s a description of one embodiment 1n the
case of mnstalling and implementing functions of a display
information control device of the present ivention as an
application program on a mobile information terminal such
as a smartphone.

Configuration

A Tunctional configuration of a display information con-
trol device according to the present embodiment will be
described with reference to FIG. 1. As shown 1n FIG. 1, the
display information control device includes a calibration
function umt 11, a calibration database (hereinafter referred
to as “DB”) 12, a number-of-levels/level switching thresh-
old DB 13, a context detection umit 14, a user-terminal
distance measurement unit 15, a currently displayed content
DB 16, a content ID update unit 17, a display content
generation unit 18, a display umt 19, and a content DB 20.

The calibration function unit 11, which 1s a function unit
for performing later-described calibration processing, mea-
sures a maximum movement distance, stores data in the
calibration DB 12, calculates the overall number of levels
and a level switching threshold for each root content 1D
based on the content DB 20 and the content stored in the
content DB 20, and stores the calculation results i1n the
number-oi-levels/level switching threshold DB 13.

FIG. 2A shows an example of the content stored in the
calibration DB 12. As shown 1n FIG. 2A, the calibration DB
12 stores a maximum distance and a maximum movement
distance.

The maximum distance refers to a maximum viewing
distance when a viewer (hereinafter referred to as “user”)
uses a mobile mformation terminal such as a smartphone 1n
which this display information control device 1s 1mple-
mented, that 1s, the distance between the user’s eye position
and the mobile information terminal held by the user stretch-
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ing his stretching to the maximum extent possible within the
range of his natural state. The maximum distance 1s fixed by
a prior calibration process.

The maximum movement distance 1s a difference (d,, . —
d_. [mm]) obtained by subtracting the distance (drain
[mm]) between the mobile information terminal and the
user’s eye position from the maximum distance (d_ __[mm]),
the difference being measured every time the application
program serving as the display information control device
starts.

FIG. 2D shows an example of the content stored in the
number-oi-levels/level switching threshold DB 13. The
number-oi-levels/level switching threshold DB 13 stores,
for each root content ID, the overall number of levels and a
threshold that serves as a reference for switching the level.

The context detection unit 14 detects, using face recog-
nition technology or the like, an 1image of the user of the
mobile information terminal while separating the image
from the background in an 1mage shot by an 1image capture
unit arranged on the same surface as a display (display unit
19) of the mobile information terminal, and outputs the
detection results to the user-terminal distance measurement
unit 15.

The context detection unit 14 also extracts objects such as
buildings and signboards 1n a forward view that the user 1s
considered to be looking at as subjects from an image shot
by another 1mage capture unit arranged on a surface oppos-
ing the display (display unit 19) of the mobile mnformation
terminal, and detects corresponding position information
together.

Detection of position information will be described. Posi-
tion information (latitude, longitude, altitude) 1n a 3D space
corresponding to each subject appearing in the shot image
may be detected by referencing the image of the view in
front of the user obtained by the other image sensor arranged
on the surface opposing the surface where the display unit 19
of the mobile mnformation terminal 1s arranged, the focusing
distance of each point position 1n the 1image, the shooting
angle of view of this image capture unit, the current position
information based on a GPS (Global Positioning System)
receiving function provided in the mobile information ter-
minal, the current azimuth at which a magnetic sensor that
1s also provided 1n the mobile information terminal 1s facing,
the current elevation/depression angle 1n the facing direction
ol an acceleration sensor that 1s also provided 1n the termi-
nal, and so on.

The user-terminal distance measurement unit 15 measures
the distance between the user and the terminal based on the
focusing distance at an eye position 1n the image of the user
of this mobile information terminal, specifically an image of
the user’s face obtamned by means of face recognition
technology, excluding the background part of the image
detected by the context detection unit 14. The measurement
of the distance between the user and the terminal by the
user-terminal distance measurement unit 135 1s continued at
any time during execution of the application program serv-
ing as the display information control device.

FIG. 2B shows an example of the content stored in the
currently displayed content DB 16. The currently displayed
content DB 16 stores a content ID of a currently displayed
content.

The content ID update unit 17 1s a function unit that
updates the currently selected content ID, as necessary,
based on the current content ID stored by the currently
displayed content DB 16, the maximum distance and the
maximum movement distance stored in the calibration DB
12, and the current distance between the user and the
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4

terminal measured by the user-terminal distance measure-
ment unit 15. The content ID update unit 17 rewrites the
content stored 1n the currently displayed content DB 16 as
appropriate.

The display content generation unit 18 generates a content
to be displayed on the display unit 19 based on the results of
updating by the content ID update unit 17, contents stored in
the content DB 20, and the content stored in the number-
of-levels/level switching threshold DB 13.

The display unit 19 1s a display of the mobile information
terminal. The display unit 19 displays a content based on
augmented reality (AR) technology by displaying an image
of the content generated by the display content generation
umit 18 while superimposing this image on the image
obtained by the 1image capture unit arranged on the surface
ol a housing of the mobile information terminal that opposes
the surface where the display umt 19 1s arranged, during
execution of the application program serving as the display
information control device.

FIG. 2C shows an example of the content stored in the
content DB 20. The content DB 20 stores content files to be
displayed on the display unit 19 and their parent I1Ds. For
example, contents with content IDs 1 and 2 are both image
data of JPEG (Joint Photographic Experts Group) files, and
are both root contents without a higher parent ID.

A content with a content ID 3 1s an application program
that has the content with the soit content ID 1 as a parent,
and the content IDs 1 and 3 have a hierarchical structure.

It 1s possible to have a plurality of lower-level contents for
a single root content. As a result, the content DB 20 stores
contents having a plurality of tree-like hierarchical struc-
tures together with information indicating these hierarchical
structures.

The atorementioned calibration function unit 11, context
detection unit 14, user-terminal distance measurement unit
15, content ID update unit 17, and display content genera-
tion unit 18 constitute the display content generation unit 10
of the present embodiment.

[Operation]

First, a description will be given of a first calibration
operation as a preliminary setup to store the user-specific
maximum distance when a mobile information terminal 1s
used as the display information control device.

FIG. 3 1s a flowchart showing processing content of the
first calibration operation. During the first calibration opera-
tion, the display content generation umt 18 first displays, on
the display unit 19, an instruction that the user 1s to stretch
his arm to the farthest position within a natural range, using
guide message data stored in the content DB 20 (step S101).
The maximum distance (d, ) between the user and the
terminal 1s measured by the user-terminal distance measure-
ment unit 15 based on an 1image including the user that 1s
obtained, 1n this state, by the image capture unit arranged on
the same surface as the display unit 19 of the information
mobile terminal functioning as the display information con-
trol device, and on focusing distance information regarding
cach part of the image. The calibration function umt 11
acquires the measurement results (step S102).

The calibration function unit 11 stores the acquired maxi-
mum distance (d___) between the user and the terminal in

FRax

the calibration DB 12 as shown i FIG. 2(A) (step S103),
and ends the first calibration processing.

Next, a description will be given of a second calibration
display operation during execution of the application pro-
gram that uses the mobile information terminal as the
display information control device.
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FIG. 4 1s a flowchart showing processing content of the
second calibration and display operation. First, the context
detection unit 14 detects objects including the user that
appear 1n an 1mage and their position information based on
the 1mage including the user that 1s obtained by the image
capture unit arranged on the same surface as the display unit
19 of the information mobile terminal and focusing distance
information regarding each part 1in the 1image (Step S201).

The user-terminal distance measurement unit 15 measures
a reference distance (d_ . ) between the user and the mobile
information terminal based on the results detected by the
context detection unit 14 (Step S202).

The user-terminal distance measurement unit 135 performs
subtraction “d___-d__ * using the maximum distance (d_ )
stored 1n the calibration DB 12 and the distance (d obtained
by the current measurement, and stores the obtained differ-
ence as a movable distance (maximum movement distance)
in the calibration DB12 (step S203).

The calibration function umt 11 obtains a root content
whose parent ID 1s “null” based on the data contents stored
in the content DB 20 (step S204).

Note that 1n order to obtain the root content from the
contents DB 20, a root content that 1s considered to corre-
spond to an object to serve as a subject 1n a shot 1image 1s
selected by referencing: an 1mage of a forward view that the
user 1s considered to be looking at that 1s obtained by the
other 1image capture unit provided on the surface opposing
the display umit 19 of the mobile mnformation terminal and
the focusing distance of each point position in the 1mage; the
shooting angle of view of this image capture umt; current
position information based on the GPS function provided in
the mobile information terminal; the current azimuth at
which the magnetic sensor that 1s also provided in the mobile
information terminal 1s facing; the current elevation/depres-
sion angle in the facing direction of the acceleration sensor
that 1s also provided 1n the terminal, and so on.

The calibration function unit 11 obtains, for each root
content obtained, the overall number of levels of the corre-
sponding content stored in the content DB 20 (step S205).

The calibration function unit 11 stores the obtained over-
all number of levels for each root content in the number-
of-levels/level switching threshold DB 13 (step S206).

Further, the calibration function unit 11 obtains a thresh-
old for switching the level for each root content based on the
obtained overall number of levels for each root content and

the maximum movement distance stored in the calibration
DB 12, and stores the obtained threshold in the number-of-
levels/level switching threshold DB 13 (step S207).

Thereatfter, the content ID update unit 17 calculates anew
the content ID to be selected (to be displayed) for each
current root content based on the currently displayed content
ID stored in the currently displayed content DB 16, the
maximum distance (d, .) and the maximum movement
distance stored in the calibration DB 12, and the current
distance between the user and the mobile information ter-
minal measured by the user-terminal distance measurement
unit 15, and compares the calculated content 1D with the
currently displayed content ID stored in the currently dis-
played content DB 16 to check whether they match (step
S208).

The necessity for updating the content ID 1s determined
based on whether or not the calculated content ID to be
displayed differs from the currently displayed content ID as
a result of the comparison (step S209).

It the content ID to be displayed matches the currently
displayed content ID and it 1s determined that the content 1D
need not be updated (NO 1n step S209), the content ID
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6

update unit 17 returns to the processing from step S208 to
thereafter acquire the current distance between the user and
the mobile information terminal at regular time intervals in
order to perform other determinations.

While the content ID to be displayed thus matches the
currently displayed content ID and 1t 1s determined that the
content ID need not be updated, the processing 1n steps S208
and S209 1s repeatedly performed to maintain the content
display state on the display unit 19.

If, 1n step S208, the content ID to be displayed differs
from the currently displayed content ID and it 1s determined
that the content ID needs to be updated (YES 1n step S209),
the content ID update unit 17 updates the content stored in
the currently displayed content DB 16 based on the calcu-
lated content ID to be displayed (step S210).

The display content generation unit 18 determines anew
the next content to be displayed based on the content ID that
has been selected so far and the content stored 1n the content
DB 20 (step S211).

When the distance between the user and the terminal 1s d_,
the depth of the hierarchical structure of the content to be
displayed 1s t___, and a relative trigger from n for transition
between levels 1s “(d__ -d__)/t 7 a content t to be
displayed according to the distance d, between the user and
the terminal 1s expressed by the following equation.

FrUEF?

Brrin) W (Ernax=Comin) | (1)

For example it d_ .. =50 [mm], d =80 [mm], and

t =3, a control 1s performed to dlsplay new content with

time the distance between the user and the terminal changes
by 10 [mm], which serves as a trigger.

Based on the currently selected content ID and the content

stored 1n the number-oi-levels/level switching threshold DB

13, the display content generation unit 18 obtains the num-
ber of remaining levels for each content currently selected,
that 1s, the number of contents with the same root content as
the selected content at deeper levels (with higher level
values) (step S212).

The display content generation unit 18 generates a com-
prehensive 1mage of the content to be displayed, 1n accor-
dance with the selected content, the obtained number of
remaining levels, the overall number of levels and the
number of levels of each content for each root content read
from the number-oi-levels/level switching threshold DB 13
(step S213).

Then, the generated comprehensive image of the content
1s superimposed on an 1mage captured by the image capture
umt arranged on the surface of the mobile nformation
terminal that opposes the surface on which the display umit
19 1s arranged, and 1s displayed on the display unit 19 (step
S214).

FIG. 5 shows an example of the comprehensive content
that 1s superimposed on the captured image and displayed on
the display umt 19. For the purpose of description, 1t 1s
assumed here that three modes of indicating the hierarchical
structure of the content are mixed. In reality, however, a
unified display control 1s performed 1n one of these modes.

A bar scale displayed at an edge of the screen of the
display unit 19, e.g., at the upper left edge indicates that a
content with a hierarchical structure stored in the content DB
20 has up to five levels, and that a content corresponding to
the middle of the hierarchical structure, namely the third
level 1s currently being displayed.

Contents “A” to “C” 1n the screen of the display unit 19
correspond, 1n reality, to the names of buildings and shops,
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symbol marks indicating genres to which these subjects
belong, information on coupons currently being offered, and
SO On.

The content “A”, which 1s slightly on the left side of the
center of the screen, 1s displayed with three concentric
circles, indicating that the total number of levels of the
currently displayed content and remaining content 1s three,
and as a result, the number of levels of the remaining
contents 1s two.

The content “B”, which is located slightly on the right
side of the center of the screen, 1s displayed with a double
concentric circle with a circle on the center side having a
different line type (which may alternatively be a different
color) from the other circles, indicating that the total number
of levels of the currently displayed content and remaining
content 1s two, and as a result, the number of levels of the
remaining the contents 1s one.

The content “C”, which 1s slightly below the center of the
screen, 1s displayed with a circle surrounding the content
accompanied by a separate circle surrounding a number,
indicating that the number of levels of the remaining con-
tents 1s two.

In any cases, the number of levels of the currently
displayed content and the number of remaining levels are
indicated together in accordance with the content displayed,
thereby enabling the user to be aware through simple
expressions that the a lower-level content can be displayed
if the user wants.

While performing the above-described display, the con-
text detection unit 14 determines whether or not a different
subject or position nformation from before has been
detected 1n the 1mage displayed in the display unit 19 (step
S215).

If no different subject or position information from before
1s detected (NO 1n step S2135) and it 1s determined that the
display control based on the same root content as the
currently selected content 1s to be continued, the operation
returns to the processing from step S208, and the same
control 1s repeated.

If a different subject or position information from before
1s detected 1n step S215 (YES in step S215) and it 1s
determined that display control based on a root content
different from the currently selected content needs to be
started, the processing shown in FIG. 4 1s terminated, and
the processing in FI1G. 4 1s started again from the beginning.

Specifically, in the case where the facing direction of the
mobile information terminal 1s changed upward, downward,
leftward, or rnightward with the user holding the mobile
information terminal, 1f the range of the image being cap-
tured moves and subjects appearing 1n the image become
different objects from before, the processing in FIG. 4 1s
executed again from the beginning.

In particular, when the user performs an operation to
move the mobile information terminal away from the user in
order to display a lower-level content in correspondence
with a large number of contents having a tree-like hierar-
chical structure 1in which a plurality of lower-level contents
exist for a igher-level content, the user may be able to select
any content as appropriate when there are a plurality of
lower-level contents by performing a short swing operation
such as mtentionally moving the mobile information termi-
nal up, down, left, or right and then returning it, together
with the operation to move away the mobile information
terminal.

In this case, as for the direction of the operation to swing,
the mobile information terminal as mentioned above, for
example, a displacement of the content of 1mage obtained
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from the image capture unit capturing an image in the
direction in which the user 1s facing may be detected through
an 1mage processing step, or a change in the orientation
based on an external force applied to the mobile information
terminal may be detected by the acceleration sensor.

However, such an operation to select a content may be
detected only when the user performs the operation to move
away the mobile information terminal he 1s holding, that 1s,
when the user performs an operation to display a lower-level
content. Conversely, when the user performs an operation to
bring the mobile information terminal he 1s holding closer to
him, that 1s, an operation to display a higher-level content,
it 1s not necessary to detect movement in the vertical and
horizontal directions because, with a tree-like hierarchical
structure, a common higher-level content 1s to be displayed.

Thus, when a lower-level content of contents having a
tree-like hierarchical structure 1s to be displayed, any content
can be selected from a plurality of contents through an
operation that 1s easy to understand sensuously, thereby
improving usability when the user wants to quickly select a
desired content from many contents.

ffects of Embodiment

[T

According to the present embodiment described above 1n
detail, information with a hierarchical structure can be
appropriately selected and displayed in accordance with a
change in the orientation in which the user viewing the
display unit holds the mobile information terminal.

In the above-described embodiment, the minimum dis-
tance at which the user can view the display unit 1s used as
a reference, the difference from the maximum distance 1s
used as the maximum movement distance, and the level of
information to be displayed 1s selected based on the current
viewing distance within the range of the maximum move-
ment distance. This configuration makes 1t possible to select
an appropriate level 1 accordance with the actual usage by
the user and display information.

In addition, in the above-described embodiment, the dis-
tance between the user and the mobile information terminal
at the beginning of operation 1s used as the minimum
distance serving as a reference, the difference from the
maximum distance 1s calculated as the maximum movement
distance, and a change in distance within the maximum
movement distance 1s detected. This configuration allows
the user to smoothly start the operation without having to be
aware of the mimimum distance serving as the reference.

Note that the device of the present invention may be
realized as a specialized display information control device,
or may alternatively be realized using a mobile information
terminal such as a smartphone or a tablet terminal by means
ol an application program, as described 1n the embodiment.
The application program itself can be recorded 1n a record-
ing medium or provided through a network.

In addition, the present invention 1s not limited to the
above embodiments, and may be modified 1n various man-
ners without departing from the gist of the imnvention in the
implementation stage. The embodiment includes the inven-
tion at various stages, and various inventions may be
extracted by approprniately combining a plurality of dis-
closed constituent elements. For example, even if some
constituent elements are deleted from the constituent ele-
ments described in the embodiment, if the problem
described 1n the problem to be solved by the invention
section can be solved and the effects mentioned 1n the effects
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of the invention section can be achieved, a configuration
from which those constituent elements are deleted may be
extracted as an nvention.

REFERENCE SIGNS LIST

10 Display control unit

11 Calibration function unit
12 Calibration DB

13 Number-of-levels/level switching threshold DB
14 Context detection unit

15 User-terminal distance measurement unit

16 Currently displayed content DB

17 Content 1D update unit

18 Display content generation unit

19 Display unait

20 Content DB

The 1nvention claimed 1s:

1. A display information control device comprising:

a display unait;

a storage umt configured to store information to be
displayed on the display unit, the information having a
plurality of hierarchical levels; and

a display control unit configured to:

determine a total number of the levels based on the
information;

determine thresholds for changing levels of the hierarchy
based on the information;

based on (a) a maximum viewing distance between the
display unit and a viewer viewing the display unit at
which the viewer 1s able to view the display umit while
holding a device housing, (b) a current viewing dis-
tance between the viewer and the device housing, and
(¢) the thresholds for changing levels of the hierarchy,
select one of the levels of the hierarchy and read
information from the storage unit of the selected level
of the hierarchy,

wherein the hierarchy 1s a tree-like structure; and

display the read information of the selected level of the
hierarchy on the display unat.

2. The display information control device according to

claim 1, wherein

the display control unit uses, as a maximum movement
distance, a diflerence between the maximum viewing
distance and a minimum viewing distance between the
viewer and the display unit at which the viewer 1s able
to view the display umt, and selects the level of the
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hierarchy based on the current viewing distance with
respect to the maximum movement distance.
3. The display information control device according to
claim 2, wherein
the mmmimum viewing distance 1s acquired at the begin-
ning of displaying information on the display unait.
4. The display information control device according to
claim 1, wherein
the display control unit superimposes and displays, on the
display unit, the total number of levels of the hierarchy
and the number of levels of currently displayed infor-
mation that are stored in the storage unit, and the
number of levels of information to which each piece of
displayed information is able to further transition.
5. The display information control device according to
claim 1, wherein

when lower-level information in the hierarchy 1s selected,
the display control unit accepts another operation to
select one of a plurality of pieces of information that 1s
performed with a current viewing distance kept.

6. A display information control method to be performed
by a device that includes a display unit, the method com-
prising;:

a storage step of storing information to be displayed on
the display unit, the information having a plurality of
hierarchical structures;

determiming a total number of the levels based on the
information;

determining thresholds for changing levels of the hierar-
chy based on the information; and

a display control step of, based on (a) a maximum viewing,
distance between the display unit and a viewer viewing
the display unit at which the viewer 1s able to view the
display unit while holding a device housing, (b) a
current viewing distance between the viewer and the
device housing, and (c) the thresholds for changing
levels of the hierarchy, selecting one of the levels of the
hierarchy and reading information from the storage unit
of the selected level of the hierarchy

wherein the hierarchy 1s a tree-like structure, and display-
ing the read information of the selected level of the
hierarchy on the display unat.

7. A non-transitory computer-readable medium having
computer-executable instructions that, upon execution of the
instructions by a processor ol a computer, cause the com-
puter to function as the display information control device
according to claim 1.
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